Massilia arvi sp. nov., isolated from fallow-land soil previously cultivated with Brassica oleracea, and emended description of the genus Massilia et al., 2015). Species of this genus have been found in a variety of habitats such as eye, blood, soil, air, water and ice (Gallego et al., 2006; Zhang et al., 2006; Weon et al., 2008; Zul et al., 2008) . The species of the genus Massilia are closely related to members of the genera Telluria, Pseudoduganella, Duganella and Janthinobacterium (Kämpfer et al., 2011; Wang et al., 2012; Kong et al., 2013) . Members of the genus are characterized as Gram-stain-negative, aerobic and rod-shaped, have high G+C content (62.4-68.9 mol%) and contain Q-8 as the major respiratory quinone (La Scola et al. 1998; Weon et al. 2008; Kämpfer et al., 2011 The GenBankEMBL/DDBJ accession number for the 16S rRNA gene sequence of strain THG-RS2O T is KJ810584.
, Massilia tieshanensis KACC 14940 T and Massilia haematophila KCTC 32001 T . Levels of DNA-DNA relatedness between strain THG-RS2O T and the closest phylogenetic neighbours were below 55.0 % and the DNA G+C content of strain THG-RS2O T was 63.2 mol%. Major fatty acids were C 16 : 0 , cyclo-C 17 : 0 and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c). The major respiratory quinone was identified as ubiquonone-8 and predominant polar lipids were determined to be diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol. Characterization by 16S rRNA gene sequence analysis, DNA-DNA hybridization, ubiquinone, polar lipid, fatty acid composition, and physiological and biochemical parameters revealed that strain THG-RS2O T represents a novel species of the genus Massilia. Hence, the present study describes a novel species for which the name Massilia arvi sp. nov. is proposed. The type strain is THG-RS2O The genus Massilia was first proposed by La Scola et al. (1998) , based on an isolate from the blood of an immunocompromised patient with cerebellar lesion. The genus Massilia belongs to the betaproteobacterial family Oxalobacteraceae. At the time of writing, the genus Massilia comprises 25 species with validly published names (http://www.bacterio.net/ massilia.html) and some novel species have recently been described, including 'Massilia eurypsychrophila' (Shen et al., 2015) and Massilia norwichensis (Orthová et al., 2015) . Species of this genus have been found in a variety of habitats such as eye, blood, soil, air, water and ice (Gallego et al., 2006; Zhang et al., 2006; Weon et al., 2008; Zul et al., 2008) . The species of the genus Massilia are closely related to members of the genera Telluria, Pseudoduganella, Duganella and Janthinobacterium (Kämpfer et al., 2011; Wang et al., 2012; Kong et al., 2013) . Members of the genus are characterized as Gram-stain-negative, aerobic and rod-shaped, have high G+C content (62.4-68.9 mol%) and contain Q-8 as the major respiratory quinone (La Scola et al. 1998; Weon et al. 2008; Kämpfer et al., 2011 Wang et al., 2012) . Summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) and C 16 : 0 are the major fatty acids observed (Weon et al., 2009) . In this study, we report on the taxonomic characterization of strain THG-RS2O T by using a polyphasic approach. On the basis of results obtained in this study, we propose that the novel isolate should be placed in the genus Massilia as the type strain of novel species.
A soil sample was collected in a clean zip-lock cover from fallow land previously cultivated with Brassica oleracea in Yongin, South Korea. One gram of soil was suspended in 10 ml sterile water containing 0.85 % (w/v) NaCl. Serial dilutions were prepared up to 10 26 using the same solution. Subsequently, 100 ml of each diluted sample was plated onto Reasoner's 2A agar (R2A; BD). After 3 days of culturing at 28 8C, isolates were picked up and purified. For long-term storage, isolates were preserved as a suspension in R2A broth (R2B; BD) with glycerol (25 %, w/v) and stored at 280 8C.
The genomic DNA of strain THG-RS2O
T was extracted and purified using a commercial genomic DNA extraction kit (Solgent). Subsequently, the 16S rRNA gene was amplified using 27F and 1492R bacterial primers (Weisburg et al., 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Korea). The identification of phylogenetic neighbours was performed using the EzTaxon-e server (Kim et al., 2012) . Multiple alignments were performed using the CLUSTAL X program (Thompson et al., 1997) and gaps were edited using the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) and phylogenetic trees were reconstructed according to neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods using the MEGA 6.0 program (Tamura et al., 2013) . The reliability of each tree was evaluated by bootstrap analysis (Felsenstein, 1985) . The same cluster was recovered when the tree was reconstructed using maximum-parsimony and maximum-likelihood algorithms. On the basis of the 16S rRNA gene sequence analysis, the phylogenetic position of strain THG-RS2O
T among the other members of genus Massilia is distinct ( Fig. 1 and Fig. S1 available in the online Supplementary Material). The overall topology of the neighbour-joining tree was similar to that of the maximum-likelihood and maximum-parsimony trees. Based on phylogenetic trees and the EzTaxon-e server, reference strains were selected. For the comparative study, all the reference strains (Table 1) were obtained from the Korean Collection for Type Cultures and the Korean Agricultural Culture Collection. These reference strains were cultured under the same optimum conditions as strain THG-RS2O T .
Gram staining was determined using a Gram stain kit according to the manufacturer's instructions (bioMérieux). After culturing for 2 days on R2A agar at 28 8C, the cell morphology of the novel strain was examined. Cells suspended in R2B were placed on carbon-and Formvar-coated nickel grids for 30 s and grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed with a transmission electron microscope (model JEM1010; JEOL) at 611 000 magnification under standard operating conditions. Motility was assayed on sulfide-indole motility medium (SIM; BD). Growth at different temperatures (4, 10, 15, 18, 25, 28, 30, 35, 37, 40, 42, 45 and 50 8C) was assessed after 5 days of incubation on R2A agar and in R2B. Different media such as nutrient agar (NA; Difco), tryptone soya agar (TSA; Oxoid), Luria-Bertani agar (LB; Oxoid), R2A agar, marine agar (MA; Difco) and MacConkey agar (Oxoid) were used to test for growth at 28 8C for 5 days. The pH range for growth was examined between pH 4 and 10 at intervals of 0.5 units in R2B with incubation for 5 days at 28 8C. The following buffers were used to adjust pH: citric acid/sodium citrate (pH 4.0-6.0), Na 2 HPO 4 /NaH 2 PO 4 (pH 6.0-8.0), Na 2 CO 3 /NaHCO 3 (pH 8.0-10.0) and Na 2 HPO 4 /NaOH (pH 10.0) (Gomori, 1955) . The pH of the medium was confirmed after autoclaving. Tolerance to salinity was evaluated in R2A broth supplemented with 0-5.0 % (w/v) NaCl, at 0.5 % intervals, after 5 days of incubation at 28 8C. Growth conditions such as temperature, pH and salinity were estimated by monitoring OD 600 . Anaerobic growth was tested in serum bottles containing R2B supplemented with thioglycolate (0.1 %, w/v) and in which the air was substituted with nitrogen gas. The presence of flexirubin-type pigments was investigated as described by Reichenbach (1992) . Catalase activity was determined by the production of bubbles from 3 % (v/v) H 2 O 2 solution mixed with freshly grown cells. Oxidase activity was checked by using f 1 % (w/v) N,N,N9,N9-tetramethyl-p-phenylenediamine reagent (Sigma) according to the manufacturer's instructions. Hydrolysis of the following substrates was tested using R2A agar (w/v) and evaluated after 5 days of incubation at 28 8C : 2 % casein (skimmed milk; Oxoid), 1 % starch (Difco), Tween 80 (0.01 % CaCl 2 .2H 2 O and 1 % Tween 80; Sigma), Tween 20 (0.01 % CaCl 2 .2H 2 O and 1 % Tween 20; Sigma), 1 % chitin (Sigma), 0.5 % L-tyrosine (Sigma), 12 % gelatin (Sigma), 0.1 % CM-cellulose (Sigma) aesculin (Bile aesculin agar; Difco) and DNA (DNase agar; Difco). Urease activity was evaluated in Christensen's medium (Christensen, 1946) . For strain THG-RS2O
T and the five reference strains, nitrate reduction, indole production and carbon source assimilation were determined by using the API 20NE kit and enzyme activity was determined using the API ZYM kit according to the manufacturer's instructions (bioMér-ieux). API 20NE was recorded after incubation for 48 h while API ZYM was recorded after incubation for 10 h.
Strain THG-RS2O
T was also screened for its plant-growthpromoting characteristics such as phosphate solubilization and siderophore production. Phosphate-solubilizing ability was checked by streaking cells onto Pikovskaya agar medium (HiMedia) as described by Pikovskaya (1948) . After 7 days of incubation at 28 8C, strains that induced a clear zone around the bacterial growth were considered positive for phosphate solubilization. Siderophore-producing capacity was tested by streaking cells on Pseudomonas agar F (Difco) medium supplemented with a chrome azurol S (CAS) complex [CAS/iron(III)/hexadecyltrimethylammonium bromide], as described by Schwyn & Neilands (1987) . Inoculates were spotted on the plates and incubated at 28 8C for 5 days. Appearance of a yellow-orange halo around the bacterial growth proved that a strain was positive for siderosphore production.
T formed beige, rough, raised, irregular colonies that were approximately 3.0-5.0 mm in diameter after 2 days of cultivation on R2A agar at 28 8C. Strain THG-RS2O
T was oxidase-and catalase-positive. Cells of strain THG-RS2O T were observed to be Gram-stain-negative, non-motile rods of 0.8-1.0 mm in width and 9.0-20.0 mm in length (Fig. S2) . Strain THG-RS2O T grew at 10-42 8C (optimum 25-37 8C). The pH range for growth of the strain was pH 6.0-7.5 (optimum pH 7.0). Strain THG-RS2O
T exhibited growth with NaCl concentrations of 0-0.5 % (optimum 0 % NaCl). Strain THG-RS2O
T grew on R2A, weakly on TSA and NA, but not on LB, MA or MacConkey agar at 28 8C. The isolate could hydrolyse Tween 20, Tween 80, starch, urea, aesculin and CM-cellulose but could not hydrolyse chitin, DNA, L-tyrosine, casein or gelatin. The results of other physiological and biochemical analyses are summarized in Table 1 and the species description below.
For quinone and polar lipids analysis, freeze-dried cells of strain THG-RS2O T and M. kyonggiensis KACC 17471 were used. Respiratory quinones were extracted from 100 mg freeze-dried cells and analysed using HPLC (Hiraishi et al., 1996) . The extracted ubiquinone was detected by using a reverse-phase HPLC system (Alliance 2690 system; Waters) [wavelength 270 nm, solvent methanol/2-propanol (7 : 5, v/v), flow rate
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Glaciimonas singularis Evolutionary distances were computed using the Kimura two-parameter distance model. Filled circles indicate that the corresponding branches were recovered when the tree was reconstructed using the maximum-parsimony algorithm. Bootstrap values more than 50 % based on 1000 replications are shown at branching points. Glaciimonas singularis A2-57 T was used as an outgroup. Bar, 0.005 substitutions per nucleotide position.
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]. Polar lipids of strain THG-RS2O T and the reference strain M. kyonggiensis KACC 17471
T were extracted and analysed by two-dimensional TLC (Minnikin et al., 1984) . Polar lipids extracts were spotted onto the lower lefthand corner of a TLC Kiesel gel 60 F 254 plate (10610 cm; Merck). The plates were developed with chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second direction. For detection of total and specific lipids, the following reagents were used: 5 % molybdatophosphoric acid (total lipids; Sigma), 0.2 % ninhydrin (aminolipids; Sigma) and 2.5 % a-naphthol-sulfuric acid (glycolipids; Sigma), molybdenum blue reagent (phospholipids; Sigma).
The polar lipids profiles including diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE) and phosphatidylglycerol (PG) and an unidentified phosphoaminolipid (PAL), were similar between THG-RS2O T and the reference strain. 
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However, strain THG-RS2O T possessed an additional unidentified aminolipid (AL) (Fig. S3) . The only respiratory quinone detected in strain THG-RS2O T was ubiquinone Q8, which was consistent with the other members of the genus Massilia.
For fatty acid analysis, strains were grown on R2A agar at 28 8C for 48 h, then biomass from the third quadrant of each plate was collected and used for the preparation. Fatty acids were extracted, methylated and saponified as described by the Sherlock Microbial Identification system (MIDI) and were analysed by capillary GC (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial database (TSBA 6.1; Sasser 1990 ).
The cellular fatty acid profiles of strain THG-RS2O
T and the reference strain are presented in Table 2 and were typical for the genus. Specifically, the major cellular fatty acids of strain THG-RS2O
T were identified as C 16 : 0 (28.7 %), cyclo-C 17 : 0 (11.5 %) and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c, 33.2 %), which were highly similar to those of the related strain M. kyonggiensis KACC 17471 T having C 16 : 0 , cyclo-C 17 : 0 and summed feature 3 contents of 30.3, 13.0 and 28.0 %, respectively.
For determination of the DNA G+C content, genomic DNA was extracted, purified by the method of Moore & Dowhan (1995) and degraded enzymically into nucleosides (nuclease P1 and alkaline phosphatase; Sigma). The nucleoside mixture obtained was separated using a reversed-phase HPLC system (Alliance 2690 system; Waters) as described by Mesbah et al., (1989) with reversed-phase column SunFire C18 (4.66250 mm65 mm; Waters), flow rate of 1.0 ml min
, solvent mixture of 200 mM (NH 4 )H 2 PO 4 / acetonitrile (97 : 3, v/v) as mobile phase, and wavelength at 270 nm. The genomic DNA of Escherichia coli strain B (Sigma-Aldrich) was used as a standard.
DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. (1989) with modifications (Stabili et al., 2008) (Wayne et al., 1987) . On the basis of DNA-DNA relatedness results, it is evident that the novel strains belong to the genus Massilia and are different from the closely related reference strains.
Emended description of the genus Massilia La Scola et al. 1998 The description is based on those provided by La Scola et al. (1998) , Zhang et al. (2006) , Weon et al. (2008 Weon et al. ( , 2010 , Kämpfer et al. (2011 Kämpfer et al. ( , 2012 , Du et al. (2012) , Kim (2014) , Shen et al. (2015) , Orthová et al. (2015) with the following change. The genus contains motile and nonmotile species.
Description of Massilia arvi sp. nov.
Massilia arvi (ar9vi. L. gen. n. arvi of a field). For fatty acid analysis, all strains were cultured on R2A agar at 28 8C for 48 h. Cells at exponential growth phase were used for analysis. All the data were obtained from this study unless otherwise indicated. Fatty acids amounting to less than 0.5 % in all strains are not listed. TR, Traces; ND, not detected. 
